Introduction
Black chokeberry (Aronia melanocarpa) originated in the former Soviet Union and in eastern Canada [1] [2] [3] . Black chokeberry possesses large quantities of anthocyanins in the fruits, as well as tannins, organic acids, pectins, flavonoids, procyanidins, and other bioactive compounds [4] [5] [6] [7] [8] [9] . It has been proven that black chokeberry juice, even its leaves or pomace have protective effects in oxidative stress, viral and bacterial infection, mutagenesis, inflammation, cancer, hypertension, and cardiovascular problems in many studies [4] [5] [6] [8] [9] [10] .
Cancer refers to a wide range of diseases associated with unregulated cell growth, especially cell division cannot be controlled, and cells grow to form malignant tumors and invade surrounding body parts.
Cancer is recognized as a very deadly disease because cancer cells migrate around other cells and transfer the surrounding cells to cancer cells. According to statistics, about half of people receiving invasive cancer treatment are known to die [11] . Finding a way to inhibit cancer metastasis is one of the most important challenges today. In the case of liver cancer, most of the cancer cells found in Objective: To determine the anti-cancer properties of black chokeberry extract on the SKHep1 human liver cancer cell line. Methods: MTT cell proliferation assay, wound migration, invasion, zymography and cell cycle were determined after black chokeberry fruit extract treatment. We also measured MMP-2/-9 and MT-1 MMP expression with protein and gene expression levels. Results: We detected four anthocyanins and three phenolic compounds in the black chokeberry by HPLC analysis. Cancer cell growth was inhibited in proportion to metastatic liver tumors are also present in cells other than the area where the cancer started. Therefore, to investigate the spread of cancer, liver metastasis seems to be the best option for researchers.
Interestingly, the onset of cancer is known to be caused by environmental factors of 90%-95% and genetics factors of 5%-10%, thus the environment is very important [12] . Many studies have shown that intake of foods rich in whole grains, fruits and vegetables is associated with a lower incidence of cancer, and increased intake of red meat or processed foods increases the risk of developing cancer [13] . Go et al. [14] reported that the risk of various cancers, such as liver, prostate, and gastrointestinal cancers, is reduced in the group that consumes large amounts of vegetables and fruits.
Therefore, many researches are carried out on prevention of cancer and inhibition of cancer cell growth by using physiologically active substances extracted from fruits and vegetables. Several experiments have reported the anticancer and chemo-preventive effects of black chokeberry fruit and its juice [15] [16] [17] . As a result of treatment of cancer stem cells with 0.3% black chokeberry juice, the cell cycle of S-phase was arrested, and cell death was occurred by inhibiting the proliferation of cancer cell growth [17] . Bermudez-Soto et al. [18] reported that Caco-2 human colon cancer cells were changed in cell transcription after repeated exposure at doses below the toxic concentration of black chokeberry juice. However, the effects of black chokeberry fruit on liver cancer cells have not been fully investigated.
In this study, we investigated the effect of black chokeberry fruit extract on the growth, migration and invasion of SK-Hep1 cancer cells. In addition, we examined the effects of black chokeberry fruit extract on the expression of MMP-2/-9 and MT-1 MMP when treated with SK-Hep1 cells at protein and gene level.
Materials and methods

Chemicals
Standard reagents for anthocyanin and polyphenol for HPLC analysis were purchased from Extrasynthese (Genay, France) and Sigma Chemical (St. Louis, MO, USA), and the solvent for HPLC analysis was from Fisher Inc. (Fair Lawn, NJ, USA). Cell culture supplies and chemicals were obtained from certified companies.
Sample preparation
Black chokeberry fruits were harvested at the optimal aging period on a local farm in Korea. The sample was lyophilized (PVTFD20R, Ilshin Lab Co., Kyunggi-do, Korea) and ground to a fine powder. The powdered sample (5 g) was mixed with 125 mL of 80% ethanol and extracted in a water bath at 85 曟 for 2 h. The extraction process was repeated three times and the extracts were combined and vacuum filtered using Whatman #2 paper (Whatman International Limited, Miadstone, UK). The solvent was evaporated under reduced pressure at 40 曟 using a rotary evaporator (EYELA Co., Tokyo, Japan). The extract was completely dissolved by adding 50 mL of distilled water to the evaporated extract, and the solution was lyophilized and stored in powder form at -20 曟 for subsequent experiments.
Anthocyanin and polyphenol analysis
Anthocyanin and polyphenol were extracted with reference to Thi and Hwang [19] , analyzed by HPLC and their contents were calculated. .
Cell culture
SK-Hep1 cells were purchased from the Korean Cell Line Bank (Seoul, Korea), cultured in a 5% CO 2 , incubated at 37 曟 , and grown in DMEM supplemented with 10% FBS and penicillin/streptomycin.
MTT cell proliferation assay
The cells were seeded in a 96-well plate and 200 µL of DMEM medium was added to each well to give a concentration of 1 伊 10 5 cells/ well. After the cells were attached to the wells, the black chokeberry extract was dissolved in fresh DMEM to 0-400 µg/mL and added to each well. Control group did not contain black chokeberry extract.
After 24 or 48 hours of culture, the viability of cultured SK-Hep1 cells was determined by the method of Hwang and Lee [20] . The values were analyzed and were presented as percentages of the control values.
Cell adhesion and wound migration assay
The effect of black chokeberry extract (0-200 µg/mL) on cell attachment and wound migration in SK-Hep1 cells was measured by cell adhesion and migration assay as described by Hwang and Lee [20] .
Zymography assay
The effect of black chokeberry extract (0-200 µg/mL) on the expression of MMP-2/-9, the major enzymes involved in cancer metastasis, was examined in SK-Hep1 cells by the method of Hwang and Lee [20] . After completion of the reaction, the white band that appeared after decolorization in an aqueous solution containing ethanol and acetic acid was quantified to confirm proteolysis by MMP-2/-9.
Semiquantitative RT-PCR
The effect of black chokeberry extract (0-200 µg/mL) on the expression of MMP-2/-9 and MT-1 MMP in SK-Hep1 human liver cancer cells was determined by the method of Hwang and Lee [20] .
Cell cycle analysis
The effect of black chokeberry extract on cell cycle was measured in SK-Hep1 cells and the method was followed by Hwang and
Lee [20] .
The cell cycle was measured using the 
Western blot assay
The effect of black chokeberry extract (0-200 µg/mL) on the expression of Bcl-2 and Bax protein in SK-Hep1cells was determined by the method of Hwang and Lee [20] .
Statistical analysis
All results were expressed as mean 依 SD and compared with oneway analysis of variance in SPSS software package Version 17.0. Three polyphenols were identified from the black chokeberry extract, and the content of chlorogenic acid was the highest, occurring in a quantity of 4 600.9 mg/kg dry weight, while vanillic acid (89.1 mg/kg dry weight) and rutin hydrate (97.1 mg/kg dry weight) were present in lower but similar quantities.
Results
Anthocyanin and polyphenol analysis
Cell viability
The effect of black chokeberry extract on survival of SK-Hep1 
MMP expression
The effect of black chokeberry extract on MMP-2/-9 expression was measured by zymography and shown in Figure 4a . When SKHep1 cells were cultured for 48 h, the control group without black chokeberry extract secreted more MMP-2 and MMP-9 than the other group. However, in black chokeberry treated group, MMP-2/-9 expression was remarkably decreased in proportion to the concentration (50-200 µg/mL) of black chokeberry extract. Treatment with black chokeberry extract at 50, 100, and 200 µg/mL concentrations decreased MMP-9 expression by 2.6%, 5.8%, and 11.3%, respectively.
MMP-2 was more highly down-regulated than MMP-9 by black chokeberry extracts. MMP-2 expression was reduced by 41.7% in 50 µg/mL of black chokeberry extract treatment, 83.2% in 100 µg/mL and 96.8% at 200 µg/mL treatment compared to the control group.
To investigate the effect of black chokeberry on MMP-2/-9 and membrane type-1 (MT1)-MMP messenger RNA (mRNA), the cells were treated with 50, 100, and 200 µg/mL of extract and measured.
The mRNA levels in the SK-Hep1 cells were also measured using RT-PCR (Figure 4b ).
When cells were treated with extract, MMP-9 mRNA expression decreased by 26.3% and by 85.0% at 50 µg/mL and 100 µg/mL of extract, respectively. MMP-2 mRNA expression was more suppressed than that of MMP-9 mRNA, and it was completely inhibited when treated with 100 µg/mL of black chokeberry extract.
Treatment with black chokeberry extracts at concentrations of 50, 
Discussion
The anthocyanins naturally contained in purple fruits and vegetables have been widely studied and it has been proven through various experiments that anthocyanins in berries can prevent various chronic diseases, including cancer, cardiovascular diseases, and diabetes [3, 21] .
Anthocyanins have been shown to have nutraceutical functions [3, 21] .
Our results show that treatment of black chokeberry extract with SK-Hep1 cells, which has a high metastatic potential, inhibits the growth of cancer cells in proportion to the concentration of black chokeberry extract and treatment time. Similar to the results of our experiment, when the black chokeberry extract was treated to U373
brain tumor cells at a concentration of 600 µg/mL, the cell growth was inhibited by 70% and the degree of cell growth inhibition was proportional to the concentration of black chokeberry extract [22] .
In another study, black chokeberry extracts inhibited HT29 colon
